1. Introduction {#sec1}
===============

Cervical cancer is the second most common cancer among women worldwide \[[@B1]\] and the most common cancer among women in Mexico \[[@B2]\].

Cervical cancer is caused by oncogenic HPV infection. More than 100 HPV genotypes have been described, of which approximately 40 are responsible for genital infection \[[@B4]\]. HPV is classified as low or high risk based on its association with premalignant and malignant lesions, respectively. Low-risk HPV types include 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, and 81. Of these types, 6 and 11 cause 90% of the external anogenital wart cases and low-grade changes in cervical cells. \[[@B5], [@B6]\]. The high-risk types include 16, 18, 31, 33, 35, 45, 52, and 58, of which 16 and 18 cause approximately 70% of all invasive cervical cancer cases \[[@B7]\].

Some authors have suggested that geographical differences in HPV distribution may have an impact on the effectiveness of the HPV vaccine in different populations \[[@B8]\].

In 2005, the International Agency for Research on Cancer HPV \[[@B9]\] reported the worldwide distribution of HPV types in women with normal cervical cytology. The most frequent type is HPV 16, followed by HPV 42, 58, 31, 18, 56, 81, 35, 33, and 45. In Mexico, HPV types 16, 18, 31, 33, 39, 45, 53, 58, and 59 have frequently been found in normal cervical samples \[[@B10]--[@B16]\].

Regional data on the prevalence and type distribution of HPV are essential for estimating the impact of vaccines on cervical cancer and developing screening programs.

The goal of the present study was to determine the prevalence and distribution of HPV types in women from Mexico City.

2. Materials and Methods {#sec2}
========================

2.1. Study Population {#sec2.1}
---------------------

This study was conducted in the Clinica de Especialidades de la Mujer de la Secretaría de la Defensa Nacional in Mexico City, Mexico. Random samples were taken from healthy women requesting a cervical Papanicolaou examination. A total of 929 women, aged between 18 and 76 years, were recruited for the analysis. Written informed consent was obtained from each participant. The protocol and informed consent documents were approved by the Human Research Ethical Committee of the Clínica de Especialidades de la Mujer de la Secretaría de la Defensa Nacional.

2.2. Specimen Collection {#sec2.2}
------------------------

Two cervical samples were obtained from each patient using a cytobrush for cytological analysis and HPV detection. Cervical smears were used for cytomorphological examination using conventional Papanicolaou (Pap). For HPV detection, cytobrushes with cervical scrapes were placed in phosphate buffered saline (PBS) and stored at −70°C until analysis.

2.3. Cytology {#sec2.3}
-------------

Pap smears were interpreted by the head of the Cytopathology Laboratory Pathology Unit at the Clínica de Especialidades de la Mujer de la Secretaría de la Defensa Nacional. All Pap smears were described with the Bethesda System terminology.

2.4. HPV Detection and Typing {#sec2.4}
-----------------------------

DNA extraction was performed with the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer\'s protocol. HPV detection and genotyping were performed by Multiplex PCR using the HPV4A ACE Screening kit (Seegene) according to the manufacturer\'s protocol.The kit is a qualitative, *in vitro* test for the identification of HPV 16 and 18 and for screening of 16 high-risk HPV (HR) types 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82 and the low-risk HPV types 6 and 11.

2.5. Statistical Analysis {#sec2.5}
-------------------------

The mean age and the frequency of risk factors were calculated. Significant differences between groups with or without HPV were determined by the Mann-Whitney rank sum test and the Fisher\'s exact test at *P* \< 0.05. Statistical analyses were performed using the SigmaStat program, version 2.03.

3. Results {#sec3}
==========

3.1. Characteristics of the Population {#sec3.1}
--------------------------------------

The mean age of women in the study was 40.5 years old. The majority of participants reported one lifetime sexual partner (97%) and only approximately 3% of women reported more than one partner in their sexual history. The age of first intercourse was younger than 18 years for approximately 8.6% of women in the study. Histories of sexually transmitted diseases were rare (3.9%). Four percent of the women in the study were current smokers.

3.2. Cytology {#sec3.2}
-------------

Conventional Pap smears identified normal cytological results or inflammation in 916 of 929 samples (98.6%). Only 13 (1.4%) cases displayed abnormal cytology: 10 (1.1%) had low-grade squamous intraepithelial lesions (LSIL), 2 (0.2%) had atypical squamous cells of undetermined significance (ASC-US), and 1 (0.1%) had squamous cell carcinoma (CC). No high-grade squamous intraepithelial lesions (HSILs) were detected.

3.3. HPV Detection and Genotyping {#sec3.3}
---------------------------------

85 of 929 women (9.1%) were infected by HPV. The age-specific prevalence of HPV is summarized in [Figure 1](#fig1){ref-type="fig"}, which shows the highest prevalences, 22% and 20%, in women aged less than 20 years and 70--76 years, respectively. Women aged 40--49 years old had the lowest prevalence of HPV of 6%.

HPV incidence was significantly higher among women with a history of more than one sexual partner or who were current smokers. There were no differences in the frequency of HPV infection in women who had intercourse younger than 18 years old or those with histories of sexually transmitted diseases ([Table 1](#tab1){ref-type="table"}).

Of the HPV-positive women, 99% had high-risk HPV genotypes and 1% had low-risk HPV genotypes. HPV HR was detected in 43% of women screened in this study: 42% (18) were HPV positive, and 14% (16) were HPV positive, which includes those with both infections. Multiple infections with different viral genotypes were detected in 10% of the positive cases. Abnormal cervical cytology was detected in only 15.3% of HPV-positive women, and normal cytology was found in the other 84.7% of those cases, as summarized in [Table 2](#tab2){ref-type="table"}.

4. Discussion {#sec4}
=============

In this study, we identified a 9.1% prevalence of HPV: 84.7% of women had normal cytology and 15.3% of women had abnormal cytology. The worldwide prevalence of HPV in women with normal cytology has been previously reported \[[@B9]\]. Other HPV studies in Mexico using an open population of women with normal cervical cytology reported an incidence of HPV between 4.8 and 43.6% \[[@B10], [@B14]\]. A possible explanation for the difference in the reported HPV prevalences includes variables related to HPV acquisition, such as age, age of first sexual intercourse, number of lifetime sexual partners, socioeconomic status, education level, parity, marital status, number of pregnancies, use of hormonal contraceptives, smoking, and interregional variation \[[@B2], [@B10], [@B16]\].

Similar to previous age-specific studies, both in Mexico and other regions of the world, we found two age groups with higher HPV prevalences, women less than 20 years old and women 70--76 years old. The younger age group (\<20 years old) with a higher incidence of HPV infection may be an indicator of sexual transmission, as it coincides with the initiation of sexual activity. The older age group (70--79 years old) of HPV-positive women may have been exposed to high rates of HPV transmission when they were young or may have reactivated latent HPV infections by factors associated with older age \[[@B15]\].

The heterogeneity of HPV genotype distribution in Mexico is evident in this study, with the major frequency of HPV HR at 43%, followed by HPV 18 at 42% (including coinfection). The genotype distribution could be explained by the dynamic population in Mexico City.

Similar to previous studies, statistically significant differences in HPV incidence were found among women with a history of more than one sexual partner or who were smokers. No significant differences in HPV frequency were found in women who had intercourse younger than 18 years old or had histories of sexually transmitted diseases. These results could have important implications for future screening procedures to assist the prevention of cervical cancer in Mexico.

The differences in HPV prevalence and distribution identified in this study have a potential impact on the effectiveness of HPV vaccinations, which may be investigated in future studies.

The authors thank the Clinica de Especialidades de la Mujer and the women who provided personal information and biological samples for this study.
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###### 

Risk factors for HPV infection between HPV-negative and HPV-positive women.

  Characteristics                                  HPV-negative *n* (%)   HPV-positive *n* (%)   *P*
  ------------------------------------------------ ---------------------- ---------------------- ---------
  Number of women                                  844 (90.9)             85 (9.1)               
  Mean age (years)                                 41.4                   39.6                   0.158
  Intercourse younger than 18 years old            72 (8.5)               8 (9.4)                0.349
  History of having more than one sexual partner   22 (2.6)               5 (5.8)                \<0.001
  Smokers                                          31 (3.7)               4 (4.7)                0.016
  History of sexually transmitted diseases         34 (4.0)               2 (2.3)                0.157

###### 

Prevalence of HPV genotypes.

  Cytological diagnosis   HPV genotypes                                      
  ----------------------- --------------- --------- -------- ------- ------- -------
  Total (*n* = 85)        37 (43)         30 (35)   8 (10)   6 (7)   3 (4)   1 (1)
  Normal                  28 (33)         30 (35)   7 (9)    5 (6)   2 (3)   0
  ASC-US                  1 (1)           0         0        1 (1)   0       0
  LSIL                    7 (8)           0         1 (1)    0       1 (1)   1 (1)
  HSIL                    0               0         0        0       0       0
  CC                      1 (1)           0         0        0       0       0

ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesions; CC, squamous cell carcinoma; HSIL, high-grade squamous intraepithelial lesions.

^∗^HR (16 high-risk HPV types): 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82.

^∗∗^Detection of multiple infections for HPV 18 and HR.

^∗∗∗^Detection of multiple infections for HPV 16 and HR.
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